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Femtosecond time-resolved phase-change microscopy and 
ablation threshold calculations to understand ultrafast laser 
ablation 
 
I. M. Carrasco-García, M. López-Claros, J. M. Vadillo, J. J. Laserna. 
UMALASERLAB, Universidad de Málaga, C/ Jimenez Fraud 4, 29010 Málaga. 
samara@uma.es 
 
Ultrashort laser pulses have proven to be a powerful tool for the solids spectroscopy. The 
particular coupling of energy and high peak power enabled by ultrashort laser pulses facilitates 
energy coupling inside materials by multi-photon or tunneling ionization mechanisms. From the 
analytical point of view, ultrashort laser ablation opens new possibilities due to the significantly 
different properties when compared with their nanosecond counterpart, where the concurrence of 
photochemical and photothermal processes taking place during the photon absorption govern the 
process. During nanosecond ablation the incoming laser beam and the expanding plasma 
interact, impairing the visualization of the different phenomena occurring until mass transfer 
occurs. Such hidden events are on the basis of the physics governing the ablation process and 
are in close contact with analytical techniques as LIBS, LIMS, MALDI or LA-ICP. 
The present communication details the design, construction and evaluation of a microscope with 
time-resolved imaging capabilities. With such instrument, femtosecond-resolved micrographies 
of the surface of samples exposed to ultrashort laser pulses are obtained, allowing the dynamic 
observation of the phase-change during subthreshold laser-matter interaction. The results 
presented demonstrates the appearance of 
dynamic Newton rings at the surface of the 
sample that corresponds to the formation of a thin 
laser-induced surface layer resulting in 
constructive and destructive interference of the 
light reflected from the surface with the light 
reflected from the layer interface (see figure 
inserted). Additionally, accurate calculation of the 
ablation thresholds required in different materials 
and pure elements will allow to demonstrate the 
existence or not of matrix effects that condition 
the selective appearance of specific elements in 
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